The methodology for deoxyribonucleic acid-mediated transformation of Spirillum lipoferum to resistance to various antimicrobial agents is reported. Spirillum lipoferum was first described by Beijerinck (1) and Schroder (5) and later characterized by Dobereiner and Day (3) . It is a motile, gram-negative, spiral-shaped, free-living soil bacterium, which may be capable of forming a nitrogen-fixing association with the cortical cells of the roots of Digitaria decumbens (2) and Zea mays (6) . No genetic studies ofthis organism have yet been reported; hence, considering its future usefulness, we thought it worthwhile to determine the occurrence of transformation. This report presents our preliminary findings, using S. lipoferum strain 7 (obtained from J. Dobereiner).
The strain grew well in nutrient broth (pH 7.0) at 300C, although exponential growth was not obtained or was limited to about one generation (Fig. 1) . Antibiotic-resistant strains were isolated as spontaneously occurring mutants.
Approximately 1010 cells grown in nutrient broth
were plated on nutrient agar supplemented with 200 ,ug of streptomycin per ml, 50 jig of novobiocin per ml, or 5 ,ug of kanamycin per ml. These concentrations totally inhibited growth of the wild type. After 48 h of incubation, a few colonies arose which were picked up, and the levels of resistance were checked by replica plating the strains at different antibiotic concentrations. The replication pattern showed that most of the mutants were resistant to 500 ,ug of streptomycin per ml, 100,ug of novobiocin per ml, or 10,ug of kanamycin per ml. The growth rate and growth yield of the resistant strains were very similar to those of the susceptible one. The generation times of susceptible and resistant cells were almost identical during growth, with a minimum cell doubling time of about 2.5 h.
For the study of transformation activity, DNA from the antibiotic-resistant strains was isolated (4) from cells in the rapid growth phase. Recipient cells were prepared from a 6-h growing population (106 cells per ml). A 1.0-ml portion was added to 50 ml of nutrient broth, and the culture was incubated at 300C. After 4 h of incubation, at 1-h intervals, 5-ml volumes of the growing culture were transferred to sterile tubes to which 0.1 ml of DNA (ca. 40 jug/ml) had been added; the tubes were then incubated at 300C. While the cells were in contact with DNA, at hourly intervals, 1.0-ml portions of the transforming mixture were removed. DNase was added and the incubation continued for an additional 2 h, after which platings were done on the selective medium. Transformants were scored after 48 h of incubation at 300C.
It appears ( Table 1) that maximum competence was achieved at 6 h of incubation, after which it declined. It is also clear that the time required for uptake of the donor markers was about 3 h. Less time did not yield any transformants nor did further incubation with donor DNA lead to increased uptake, as is apparent from the number of transformants obtained. To determine the time required for phenotypic expression, another experiment was performed in which competent cells were in contact with the donor DNA for 3 h and expression periods were 0, 2, and 4 h. It was found that after 2 h there was no further increase in transformation frequency ( Table 2 ), indicating that expression of the donor molecule took about 2 h, which is in fact also the cell replication time during logphase growth.
To determine the optimum amount of DNA needed for transformation, 0.1-ml amounts of donor DNA (concentrations between 0.04 and 400 ,ug/ml) were added to the recipient cells and transformation was done in the usual manner. The response with reference to DNA concentration (strr as a marker) was linear from 0.04 to 40 1ig/ml (Fig. 2) , and at the optimum concentration of 40 ytg/ml the number of transformants was 24.5/,ug of DNA. Table 3 gives the transfornation efficiencies of the various antibiotic resistance markers; they were more or less similar in each case. Although transfonnation efficiency is lower than that in Tables 1 and 2 , it is clear that transformation occurred, since the donor DNA when treated with DNase did not give rise to any transform-ants. To find out whether any of these antibiotic resistance markers were linked, a triply antibiotic-resistant strain was constructed. A novobiocin-resistant strain was subjected to treatment with DNA from a streptomycin-resistant strain, and a recombinant carrying both streptomycin and novobiocin resistance markers was selected. This doubly marked strain was then transformed with DNA from the kanamycin-re- sistant strain, and a recombinant was selected which carried all three antibiotic markers. A susceptible strain was transformed by using 
